ABSTRACT
INTRODUCTION
ny competitive strategy as it is applied in the business arena is measured by its success against the competition. Naturally, the ultimate measurement in the business world is in a strategy's ability to generate revenue and profits. However, it may be possible to generate profits without having the firm execute its strategy in the most efficient manner possible. Many macro factors that might impact profitability are beyond the control of the firms. It has been suggested that membership in a strategic group protected by mobility barriers (Hunt 1972; Porter 1976; Caves and Porter 1977; Porter 1979 ) is one such factor. The profitability of firms belonging to particular strategic groups is presumed to depend on the difficulty presented by entrance into the group and tacit collaboration by members within the strategic group (Porter 1976; Caves and Porter 1977; Porter 1979) . If this is the case, then the only strategic lever under the control of a firm in a strategic group is tacit cooperation with the other members of the group.
The argument that firms within a strategic group have a lower level of competition within their respective strategic group (Porter 1976; Caves and Porter 1977; Porter 1979; Peteraf 1993 ) is based to a large extent on the similarity of resources controlled by the firms in the group and that this uniformity in resources results in similar responses to perturbations in the environment. In contrast, it has also been argued that this homogeneity of resources results in an increase in rivalry within strategic groups (Hatten and Hatten 1987; Barney 1991) . Empirical support for competition within strategic groups was found by Smith et el., (1997) . They found that membership in a group was a predictor of the manner in which a group member responded to aggressive action by other group members. These researchers also found that firms competed both within and outside of their strategic groups, thus blurring the lines of distinction. They did not study how efficiently the firms within identified strategic groups utilized their resources. This paper considers the efficient utilization of resources as they are applied to product quality and advertising expenditures as a method of determining membership in strategic group.
The choice of product quality and advertising expenditures as determinants of strategic group membership offers insights not previously considered. Both factors are totally under the firms' control. This is in contrast to environmental factors that are not within the scope of a firm's control, such as mobility barriers preventing the entrance of a new competitor into a market segment. The analysis of factors under a firm's control allows for an analysis of the firm's performance based on its actions rather then its reactions. For example, if a firm whose use of resources is efficient is grouped with inefficient firms its performance will appear artificially high. Conversely, an inefficient firm, if grouped with efficient firms will appear to have an excessively low level of performance. This manuscript's choice of quality and advertising as factors under the control of the firm as factors for strategic group membership is based on the impact these factors have on a firm's ability to generate sales.
The use of quality as a strategic lever has been considered by Narasimhan and Mendez (2001) . They examine quality as a strategic factor and find that quality must be used in conjunction with a pricing strategy. Furthermore, they demonstrated that there is a maximum price for a given threshold level of quality. If this price is exceeded, changes in quality levels will lose their effectiveness as a strategic lever. So firms competing in strategic groups should optimize their quality levels for the pricing common to their strategic group. This level of quality may be interpreted as an upper bound for membership in the group. Also acting as a limiting factor to group membership is the fact that supplying too much quality for a given market segment may lead to the cannibalization of a firm's other product lines in another market segment (Desai, (2001) .
Advertising or promotion, one of the four Ps of marketing, is a means of communicating information about products to the consumer. Members in strategic groups competing in the same market segment with similar resources can control the level of advertising used to identify distinguishing the characteristics of their products. Advertising is interrelated with quality and may be combined with price as a signaling technique. This link between the price of a product as a signal of quality has been considered in the literature (Scitovsky 1945; Leavitt 1954 ). More recently Rao et al. (1989) showed in a meta-analysis that a positive and significant statistical relationship exists between price and perceived quality. Irandoust (1998) shows the link between pricing and quality in the Swedish automobile market. Desai (2001) examines the impact pricing has on the on a firm's demand and finds that both the pricing of its competition as well as its own pricing affects the demand for its product.
One method of determining whether or not a firm is making efficient use of its resources is to use Data Envelopment Analysis (DEA). DEA allows the researcher to establish how efficiently a firm is utilizing its inputs for a particular level of output relative to other firms in its strategic group by defining an efficient frontier. Once established this frontier can then be used to determine whether or not a firm is using its resources as efficiently as other members in the group. DEA can also be used to identify what changes might be made in the firm's use of resources so that it can move toward this efficient frontier. For example a firm that has a high and inefficient level of advertising expenditures could improve its overall efficiency by decreasing its advertising expenditures without changing its expenditures on other resources. Alternatively, a firm may find that its level of quality is higher than the other member of the strategic group and that a shift to another group within the market segment would allow its signaling via advertising and pricing to become more efficient. This paper demonstrates that rivalry within strategic groups is actively dependent on the managerial utilization of strategic levers and it demonstrates an objective tool that may be used by practitioners to assess their strategic position relative to their competitors. It thereby suggests what adjustments might be made in order to make firms more efficient in the utilization of their resources. Three measures of inputs and one output are used in a DEA analysis. The measures are applied to automobile firms competing in a particular market segment and they are used to subdivide those competitors into strategic groups. Automobile firms with at least one model competing in the "Family Car" market segment are considered. Two quality factors, engineering quality and aesthetic quality, are derived from Consumers Report data collected for each automobile model. These quality factors are chosen in light of information found in a literature review by Krishnan and Ulrich (2001) In their review of the literature of product development they note specifically that engineering design, a major factor in the establishment of the quality of a product, has not been studied in academia to the extent that it merits. The selection of engineering quality factor addresses this short-fall. Krishnan and Ulrich (2001) also note that while "aesthetic design may be one of the most important factors in explaining consumer preference…it has essentially no academic research relative to it." This observation on the importance of product aesthetics, or what is referred to in the auto industry as "Fit and Finnish", makes aesthetics a logical choice for study. Figure 1 Consumer Reports data on the satisfaction of consumers relating to several attributes of automobiles is available for several years. It has the advantage of being representative of quality issues observed by the end user of automobiles. It is readily subdivided into the two quality axis of interest; one representing the aesthetic perception of auto owners, and one addressing the engineering quality or R&D efforts of the firm. It should also be noted here that a further reason for the choice of aesthetics and engineering quality exists. Aesthetic are features that a consumer rapidly recognizes and is one that may be improved by simple manufacturing repetition. The doors fit better after the assembly line has installed several hundred of them etc. Engineering quality is one that may take several years for a consumer to appreciate. An improved power train needs time in the marketplace to demonstrate its superiority and The data for all models during a five year period of interest are examined using a Kruskal and Wallis rank test to determine if significant model changes have occurred during the time period studied. No significant changes in the two quality factors were found. Neither were significant changes in advertising expenditures for the models under consideration found. The Data Envelopment Analysis was performed and it showed that there were two separate groupings within the market segment with some stratification in the more efficient of the two groups. See Figure 1 . This difference in efficiency suggests that firms within this strategic group are actively engaging in rivalry and that success may be tied back to how effectively management is utilizing its resources. See Figure 1 2 LITERATURE OVERVIEW
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Strategic Group
Strategic groups have a long history in the literature. First proposed by Hunt(1972) the concept of strategic groups was addressed and refined by Porter, (1976; , Caves and Porter (1977) . In Porter's context, firms in strategic groups gain their competitive advantage from mobility barriers that restrict entrance to the strategic group. This restriction then allows members to benefit from tacit cooperation. Acceptance of the strategic group concept has not been universal. Barney and Hoskisson (1990) note that the concept of strategic groups needed rigorous work to prove the existence of strategic groups in general and that it remained to be demonstrated that there was indeed a connection between a firm's performance and its membership in the group. Thomas and Venkatraman (1988) noted amongst other points that the strategic group concept needed to have greater clarity in how strategic groups were defined. Hegert(1987) uses several areas suggested by Porter (1980) to develop five summary measures to describe a company's strategy these are R&D, advertising intensity, capital intensity, business unit relationship to parent corporation and market share. Hegert (1987) found that the two measures that were the most common bases across industries are advertising and R&D spending.
Quality Signaling
Price as a signal of quality has been examined extensively for many years. The argument has been made that the consumer associates a higher quality product with a higher price was reported early by Scitovsky (1945) . In a later study Leavitt (1954) also found that consumers associated higher prices with higher quality. Using metaanalysis Rao et al. (1989) found a positive and significant relationship exists between price and perceived quality. Irandoust (1998) shows that a link between pricing and quality exists in the Swedish automobile market. Pricing has been linked to a firm's demand by Desai et al. (2001) . They also found that the pricing of a firm's competition also affects the demand for a firm's product. Of course higher prices might reflect a greater demand or higher production costs rather than higher quality however consumers using pricing as a signal might not be unaware of these circumstances. Empirical studies have been made that counter the argument that pricing is a signal of quality and indicate that the price/quality relationship is a weak one at best (Oxenfeldt 1950; Sprokes 1977; Riesz 1978; Riesz 1979; Gerstner 1985) . Gerstner (1985) suggests that one possible reason for ineffective signaling of quality by price is due to firms attempting deceive consumers. Another explanation for this lack of an effective connection is offered by Narasimhan and Mendez (2001) . They found the relationship between quality and price has a limit. A maximum price for a given level of quality exists beyond which increases in quality have less impact on sales and the qualitybased strategy loses its effectiveness.
Data Envelopment Analysis
Data Envelopment Analysis (DEA) has been used as a methodology for determining the efficiency of decision-making units ( Recently DEA has been used to examine economics. Sengupta, (2002) extend the DEA approach from an operational tool used to examine efficiencies into a tool to consider economic efficiencies. He calls for the use of DEA more extensively in economic applications and actually states that, "It is hoped that this extension will bridge the gap between economists who emphasize allocative to market efficiency and the operations researches…." Cherchye (2001) uses DEA to assess macroeconomic policy performance on a national scale. As the technique of DEA gains acceptance as a tool to study economics in general, it is logical that it be used to examine the decision making policies of individual firms and to use it to make comparisons between competitive firms. Linton et al. (Linton, Walsh et al. 2002) use DEA analysis as a tool to rank and select R&D projects that a firm should keep in its portfolio of projects. As the application of DEA to economics becomes more prevalent, it is logical that its application to strategy should be investigated.
ANALYSIS
Data Collection
Data for this study were collected from three sources. The annual April edition of Consumers Report (1995) (1996) (1997) (1998) (1999) (2000) was used for quality information and to group models for any given year. The Ward's Automotive Yearbook (1996) (1997) (1998) (1999) (2000) , was used to collect information on the sales numbers for automotive models and the base price for the respective models in that model year. Lastly, the advertising rates by model for the top ten media types were collected from the Multi Media Service Ad Dollar Summary (1995) (1996) (1997) (1998) (1999) (2000) for the model year.
Information was collected on twelve automotive firms, Daimler-Chrysler, Ford, General Motors, Honda, Infinity, Mazda, Mitsubishi, Nissan, Subaru, Saturn, Toyota and Volkswagen for five model years, 1995-1999. The quality, product sales numbers, advertising expenditures, and price information were collected for twenty models during the time period under consideration. Those models are specifically, Buick Century, Buick Regal, Chevrolet Lumina, Chrysler Cirrus, Dodge Stratus, Ford Contour, Ford Tarus, Honda Accord, Infiniti G20, Mazda 626, Mercury Sable, Mitsibishi Galant, Nissan Altima, Nissan Maxima, Pontiac Grand Am, Pontiac Grand Prix, Saturn Series, Subaru Legacy Toyota Camry and Volkswagen Passat. Consumer Reports groups these models as "Family Cars". Quality reports relative to the level of problems reported by consumers are tabulated in the annual April edition of Consumer Reports. The magazine tabulates information on fourteen performance categories based on information supplied by actual automobile owners. The fourteen categories are: Engine, Cooling, Fuel, Ignition, Transmission, Electrical, Air Conditioning, Suspension, Brakes, Exhaust, Body Rust, Paint and Trim, Integrity and Hardware. The information is reported by Consumer Reports in a table using a 1-5 Likert scale. The data were collected for five model years inclusively, 1995-1999. The fourteen categories were condensed into two dimensions, one factor representing aesthetics and one representing engineering factors. The two quality axis were established by combining Engine, Cooling, Fuel, Ignition, Transmission, Electrical, Air Conditioning, Suspension, Brakes into one category, Q1, and Exhaust, Body Rust, Paint and Trim, Integrity and Hardware into the second or Q2 category. Exhaust was included in the aesthetics category since many people are sensitive to the sound of an automobile and grouping the auditory signature of an automobile into the aesthetic category incorporates this factor into the study. Advertising expenditure, as reported by the Multi Media Service Ad Dollar Summary, is available by model for the year of interest. The data are a total tabulation of the expenditures of the firm in promoting the model line in the top media types. Information on sub groups, such as the dealers' association or individual regional groups while available was not included in the advertising totals. Not including this class of data focused the study on the effort made by the parent firm to promote the model of interest without the complications that might have been introduced by agents not under the direct control of the parent firm itself. These sub groups, while contributing to the total advertising effort, may not have been complying with the parent firm's overreaching strategy for the model in question.
The price data used for the automotive models in question was the base price as listed in The Wards' Automotive Yearbook. In some cases this differed from the base price listed by Consumer Reports by a minor amount, a few hundred dollars out of several thousand, a difference of less than two percent in most cases. Wards' was chosen as the source of pricing since it was also the reporting agency for the advertising.
Data Analysis, Time Periods
Initially the information on the two quality factors, Q1 and Q2, the amount of money spent per model by the firm on advertising were used as inputs for a DEA analysis with the sales for each model used as the output. Price was not included at this stage so that any efficiencies created in sales by an inconstant pricing scheme would not bias the comparisons. Model price is used for comparison once competitive groups are defined. This DEA analysis was used to determine the relative efficiencies of the firms' utilization of resources for the measured level of sales for a given model. This was done for all models in the study for all of the various years under consideration. The radial efficiencies created using constant returns to scale were then used to establish a ranking of the models for the whole time period. See Table 1 In order to determine whether or not results from the various quality strategies that the firms of interest were following with respect to the individual models, could be compared, it was necessary to establish that a change in that policy had not occurred during the period of interest, 1995-1999. While changes in quality are generally long term strategic levers and it was not expected that a change would occur during the study period it was necessary to establish this fact with reasonable surety. In order to determine that no significant changes in model quality or advertising expenditures took place an analysis using the Kruskal-Wallis non-parametric test (Conover 1971 ) was performed. The efficiencies derived using Q1, Q2, and advertising for each model were ranked and the rankings were grouped by year for each of the years of interest in the study. See Table 2 .
The rankings were then used to determine whether or not the information over time could be pooled. In other words, was there a significant change in quality over the years of interest. The test statistic for the KruskalWallis test is as follows and is approximately a chi-square distribution with k-1 degrees of freedom. The decision rule is that H 0 is rejected at the α level if T exceeds the 1-α quartile. The T value obtained from this calculation is 1.71. The null hypothesis that the samples came from the same data set cannot be rejected. As a result each firms' perceived quality was determined to have remained the same over the period of interest. The analysis to compare the performance of the individual models as components of a firm was performed next. 
Data Analysis, Efficient Firms
With no evidence to indicate that there was a statistically significant change in the efficiencies of the firms' sales output using quality levels and the level of advertising expenditure as inputs, the next question was whether or not the firms' efficiencies differed as a whole. The same type of Kruskal-Wallis analysis was performed using the entire data set as before. However, instead of pooling the data across time periods, the models were pooled relative to the firms that produced them. For example, all years for all models manufactured by General Motors were pooled into one set. All models manufactured by Daimler-Chrysler over the entire time period were pooled into another set, etc. The results are shown in Table3.
The T value resulting from this analysis clearly showed that there was a difference in the rankings of the firms based on their DEA efficiencies. T was equal to 61.74. In this case the null hypothesis that the samples came from the same data set can be rejected at the 0.05 level. The rejection of the null hypothesis allows for testing of the data sets, those representing the efficiency of the firms relative to their use of Q1, Q2 and advertising expenditures as inputs to generate sales as the output, to determine which pairs of the populations tend to differ. The populations i and j appear to differ if the following inequality holds true:
where t 1-(α/2) is the 1-(α/2) of the t distribution with N-k degrees of freedom. S and T come from the equations used in the Kruskal-Wallis test described above (Conover 1971) . The results are tabulated in Table 4 and represented as a graphic in Figure 1 . Table 4 Firms Identified as having the same DEA efficiency
Converting the information from Table 4 into the Venn diagram displayed as figure 1 above shows the groupings of firms according to the efficiency the firms demonstrate in executing their quality/advertising strategies relative to the number of units each sold.
Two distinct groups appear from this examination. Volkswagen, Mitsubishi, Daimler-Chrysler, Infinity, and Mazda compose one group of firms competing with comparable efficiencies, and Saturn, Honda, Toyota, Ford, Subaru, Nissan, and General Motors comprise a second group. Stratification exists within the second group in that while Saturn is comparable to Ford it is not comparable with General Motors but General Motors is comparable on a pair wise basis with Ford. Having identified which firms are efficient or inefficient it follows that the next logical step is to disaggregate the firms within the two categories and determine how managers may improve their position within their strategic group. 
Data Analysis Disaggregating Firms
While determining which firms are comparable to one another in terms of their respective strategic efficiencies is interesting, of greater interest, especially to management, is where the differences between firms exist on a micro level. In other words, how firms within the same group compare with each other. This micro level information would allow corporate managers to make adjustments to compete in a different group of firms in terms of efficiency or to adjust their efficiency to more effectively compete within their own group. In order to make a comparison between firms, the inputs are pooled across models for individual firms and t-tests performed on each attribute, Q1 (engineering quality), Q2 (aesthetic quality), Advertising Expenditures, and Sales. Comparisons can then be made between group members. Table 5 shows the t-tests between the members of the inefficient group of manufacturers and Table 6 shows the same comparisons in the efficient group.
DISCUSSION
The DEA analysis in this paper divides the eleven firms being considered into two distinct groups: one group that efficiently utilizes its quality and advertising resources relative to other firms competing in the market segment and one that is not. This stratification is based on activities controlled by the firms of interest. This suggests that strategic groups may be defined based on activities totally under the control of firms. Therefore, this paper offers a method of placing firms in strategic groups and comparing their performance that is not dependant on macro environmental factors. This is beneficial in two ways.
First, it reduces the chances of misidentifying firm performance due to an inappropriate grouping. Firms that are making efficient use of their resources may be showing superior performance because of managerial activity and not simply because of tacit collusion with other members of a group protected by mobility barriers. Second, the objective comparison of resource utilization offers practitioners an opportunity to compare their strategic execution and make appropriate adjustments as needed. Management may use this method to identify either excessive or insufficient levels of advertising. They may also consider the levels of quality offered for the price as a strategic lever. A firm that has priced its products beyond the effective region of price quality interaction may make adjustments to bring the two back into alignment. Management may either shift the product line to another market segment where the price and quality levels are more compatible with other members of the strategic group or they may adjust their expenditures of resources so that the price may be lowered to bring them back into alignment with other members of the group.
FUTURE RESEARCH
Several areas of further research are foreseen using this technique. Studies examining durable goods in industries beyond the auto industry are needed. This would demonstrate that the technique can be generalized to durable goods on the whole. Once information from other industries is collected, it will be possible to consider a comparison across industries testing the robustness of the technique in a wider environment. The technique should be examined in the context of the service industry. While it is not possible to consider the longevity of the quality of an individual service, the ongoing level of quality provided by a service firm may be considered.
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